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TjTeArmy_  is  Capitalizing  on  Revolutionary  Advances  in  the  Materials  Community 
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- inspiration ,  -mechanics 


Increasing  sophistication  of  processing 
and  characterization  techniques 


Materials  Technologies  -  Critical  enablers  for  lightening  the  force 
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A  U.S.  Arlfiy  Research  Laboratory  Workshop 


Multiscale  Materials  Behavior 
in  Ultra-High  Loading  Rate 
Environments 


Towson,  Maryland 
September  22-23,  2008 


MAJOR  GAPS  IN  THE  CURRENT 
STATE  OF  THE  ART 

1)  A  limited  ability  to  relate  materials 
chemistry,  structure,  and  defects  to 
materials  response  and  failure  under 
extreme  conditions 

2)  An  inadequate  ability  to  predict  the  roles 
of  materials  structure,  processing,  and 
properties  on  performance  in  relevant 
extreme  environments  and  designs 

3)  The  lack  of  experimental  capabilities  to 
quantify  multiscale  response  and  failure 
of  materials  under  extreme  conditions 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Workshop  -  Recommendations 


ML 


PRINCIPLE  WORKSHOP  RECOMMENDATIONS 


The  ability  to  perform  quantitative  concurrent 
spatial  and  temporal  modeling  and  characterization 
of  materials  across  multiple  scales  would 
revolutionize  material  design 

The  Army  should  challenge  the  community  to 
develop  fully  predictive  multiscale  materials-by- 
design  approaches  for  high  loading  rate 
applications 

Successful  materials-by-design  approaches  will 
require  quantitative  methods  (i.e.,  figures  of  merit) 
to  link  material  performance  in  systems  to  material 
properties,  microstructure,  and  processing 

A  systems  approach  to  fundamental  research  that 
links,  coordinates,  and  leverages  the  many  excellent 
research  projects  towards  materials-by-design 
concepts  and  capabilities  will  make  all  efforts  more 
effective 
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MATERIALS  IN  EXTREME  DYNAMIC  ENVIRONMENTS 


The  U.S.  Army  wants  to  develop  the  capability  to  design,  create,  synthesize, 
process  and  manufacture  high  strain  rate  tolerant  material  and  material  systems 
to  enhance  the  performance,  lethality  and  survivability  of  soldier  and  ground 

combat  systems. 


•Execute  a  focused  basic  research  program  to  realize  a  materials  by  design  capability 


•Drive  forward  and  expand  the  fundamental  understanding  in  the  area  of  multi¬ 
scale/multidisciplinary  materials  behavior  to  directly  improve  the  performance  of  materials  in 
ultra-high  loading  rate  environments 


•Develop  this  capability  for  the  following  material  classes  and  systems:  metals,  ceramics, 
polymers,  composites  and  hybrids  such  as  metal  matrix  composites,  ceramic  matrix 
composites  and  hybrids 


•  Create  a  framework  that  enhances  and  fosters  cross  disciplinary  and  cross  organizational 
collaboration  that  brings  a  team  of  academia,  industry  and  government  together  to  address 
critical  focused  research  in  Materials  in  Extreme  Dynamic  Environments 
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•Modeling  and  Simulation:  Validated  multiscale  modeling  of  materials  in  extreme 
dynamic  environments  to  design  materials  and  predict  performance  by  exploiting 
the  hierarchy  of  scales  in  a  multidisciplinary  environment 

•Bridging  the  Scales:  Analysis,  Theory  and  Algorithms:  Validated  theoretical 
and  analytical  analyses  to  effectively  define  the  interface  physics  across  length 
scales  and  disciplines 

•Advanced  Experimental  Techniques:  Comprehensive  validated  experimental 
capabilities  bridging  time  and  space  for  probing  the  physics  and  mechanisms  of 
materials  subjected  to  extreme  dynamic  environments  and  for  validation  of 
multiscale/multidisciplinary  physics  modeling 

•Multiscale  Material  Properties:  A  comprehensive  set  of 
multiscale/multidisciplinary  material  characteristics  and  property  metrics  that 
characterize  high  loading  rate  tolerant  material  systems  and  enable  their 
processing  and  manufacture 

•Processing  and  Synthesis:  Validated  modeling  and  techniques  for  the  synthesis 
and  processing  of  high  loading  rate  tolerant  materials 
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MEDE  CRA  Strategy 


J2L 


Approach 

Cohesive  multidisciplinary  collaborative  research  linking 
the  role  of  materials  across  length  & 
time  scales  to  specific  performance  metrics  by  validated 
modeling,  dynamic  characterization  and  processing 


Dynamically  Tolerant 

Materials  for 

U.S.  Army  Systems 


Multiscale/Multi-Disciplinary 
Materials  Design  Loop 

Modeling  &Simulation  (1) 

Verification ,  Validation  and 
Prediction  across  multiple  scales 


Bridging  the  Scales  (2) 

Analysis ,  Theory  and  Algorithms 

Theoretical  and  analytical 
analysis  to  define  the 
interface  physics 
across  scales 


Synthesis  and  Processing  (5) 
Novel  techniques  to  achieve 
damage  tolerant  materials  with 
controlled  structure  /  properties 

Multiscale  Material  properties  (4) 

New  and  novel  metrics  to  define 
characteristics  and  properties 


Advanced  Experimental  Techniques  (3) 

Quantitative  material  and  response 
characterization  concurrently 

in  space  and  time  at  high  strain  rates 
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rdecom^  MEDE  CRA  Program  Announcement  (PA) 


•Formulate  a  program  to  demonstrate  the  ability  to  achieve  the  research  and 
programmatic  goals  of  the  CRA  as  outlined  in  the  PA 

•Define  and  outline  the  strategy  for  executing  the  materials  by  design  loop  and 
identify  how  the  program  will  achieve  the  specific  research  goals  in  the  five  core 
elements  and  how  they  will  be  integrated  and  interfaced  within  the  materials  by  design 
loop  (design  loop  Figure  2  page  12  of  PA) 

•Address  the  following  material  systems:  metals,  ceramics,  polymers,  composites  and 
hybrids  such  as  metal  matrix  composites,  ceramic  matrix  composites  and  hybrids 

•Define  the  metrics  by  which  success  is  expected  to  be  measured 

•Identify  the  strategy,  plans  and  methods  for  collaboration  essential  to  the  success  of 
the  CRA 

•Identify  the  optimal  scientific,  technical,  programmatic  and  administrative  team 
(expected  to  be  comprised  by  a  number  of  members)  with  the  expertise  to  achieve  the 
stated  research  goals  and  to  oversee  and  manage  finances,  reporting,  data,  meetings, 
reviews  and  intellectual  property 
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MEDE  CRA  Collaboration 


Collaboration  to  Achieve  the  CRA  Research  Goals 

ARL  Enterprise  for  Multiscale  Materials 
ARL  WMRD  Mission  Program 
Internal  to  the  CRA 

Staff  Rotation 

Lectures,  Workshops,  and  Research  Reviews 
Education 

Opportunities  for  Government  Personnel 

Student  Engagement  with  ARL  Research  Environment 

Industry  Partnership  +  Collaboration 

Other  Collaboration  Opportunities 

High  Performance  Computing  DoD  Supercomputing  Resource  Center  (HPC-DSRC) 
HPC  (High  Performance  Computing)  Software  and  Application 
Institute  (HSAI)  for  Multi-Scale  Reactive  Modeling  and  Simulation  of  Insensitive 
Munitions  (MSRMS-IM). 

Other  Government  Agencies  (OGA’s) 
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ARL  Materials  Research 

Materials  for  Sensors  and  Electronics 
Materials  for  Lethality  and  Protection 
Computational  Science  for  Materials 


CRA=Collaborative  Research  Alliance 
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Materials  in  Extreme  Dynamic  Environments  CRA 

Internal  Collaboration 


m. 


Collaboration 

The  collaboration  strategy  for 
executing  the  materials  by  design 
loop 

The  integration  of  the  five  core 
elements  into  the  loop 
(Are  all  the  core  elements 
constructively  working  to  the 
strategic  goal?  ) 

The  strategy  for  collaboration 
within  a  core  element 

The  techniques  and  metrics 
proposed  to  verify  the  loop 
strategy  is  working 


Approach 

Cohesive  multidisciplinary  collaborative  research  linking  the  role  of 
materials  subjected  to  “Extreme  Dynamic  Environments'  across  length  5 
time  scales  to  specific  performance  metrics  by  validated 
modeling,  dyna  mic  cha  racteriza  tion  and  piocessing 


Dynamically  Tolerant 

Materials  for 

U.S.  Army  Systems 


MultiscaleMulti-  Disc  ip  Unary 
Materials  Design  Loop 

Modeling  Stimulation  (1) 

Verification,  Validation  and 
Prediction  across  multiple  scales 

Bridging  the  Scales  (2) 

Analysis,  Theory  and  Algorithms 

Theoretical  and  analytical 
analysis  to  define  the 
interface  physics 
across  scales 


Synthesis  and  Processing  (5) 
Noveltechniques  to  achieve 
damage  tolerant  materials  with 
controlled  structure  /properties 


Multiscale  Material  properties  (4) 

New  and  novel  metrics  to  define 
characteristics  and  properties 


Advanced  Experimental  Techniques  (3) 

Quantitative  material  and  response 
characterization  concurrently 
in  space  and  time  at  high  strain  rates 
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MEDE  CRA  Funding 


*DECOM 


M. 


CRA  Basic  Research  Program 

•Basic  Program  funded  for  5  Years  with  a  5  Year  Option 
•Start  Second  Quarter  FY12 

•Budget  includes  research  costs,  costs  to  manage  the  program, 
costs  to  collaborate  and  enable  research  transition 
•Funding  outlined  in  the  PA  are  for  planning  purposes  only 
•Final  funding  is  subject  to  Program  Objective  Memorandum 
Approval 

CRA  Enhanced  Basic  and  Applied  Research  Program 

•As  the  CRA  proceeds  it  is  anticipated  that  other  Government 
agencies  will  be  able  to  provide  funding  for  specific  research  of 
interest 

•This  is  currently  unfunded 

Total  Funded  5  Year  Core  Program  $33.1  M  /Total  Funded  10 
Year  Core  Program  $73.1  M 
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Upcoming  Events 


WMRD  Mission  Program  and  Capabilities 

Poster  Session  -  Today 

ATRIUM  from  12:00  to  2:00  PM 
Dr.  Patrick  Baker 
Mr.  Bob  Dowding 

WMRD  MEDE  Open  House 

Sign  up  in  the  Atrium 

Wednesday  December  16th  2010 
7:30  Arrival 

8:30  WMRD  Research  Program 

Tours  of  the  relevant  major  facilities  in  the  Rodman  Materials 

Research  Laboratory 

Aberdeen  Proving  Ground,  MD  21005 
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MEDE  CRA  Goals 


Create  a  framework  that  enhances  and  fosters  cross  disciplinary  and  cross 
organizational  collaboration  that  brings  a  team  of  academia,  industry  and 
government  together  to  address,  integrate  and  transition  critical  focused 
research  in  Cross-Disciplinary/Multi-scale  Modeling  of  High  Stress/Strain 

Rate  Tolerant  Materials 

V _ _ _ / 


2  Year  Goal 


Advance  fundamental  understanding  and  discovery  in  materials  science  by  multi¬ 
scale  and  cross  disciplinary  basic  research  that  enables  modeling  and  simulation 
capability  that  is  validated  experimentally  in  time  and  space  resulting  in  the  foundation 
for  the  design  of  high  stress/strain  rate  tolerant  metals,  ceramics,  fibers,  polymers  and 
composites  that  are  uniquely  characterized,  synthesized  and  processed. 

5  Year  Goal 


Integrate  new  multidisciplinary /multi-scale  physics  to  enable  multi-scale  modeling 
and  simulation  capability  that  is  validated  experimentally  in  time  and  space  to  apriori 
design  new  high  stress/strain  rate  tolerant  metals,  ceramics,  polymers  and  composites 
that  are  uniquely  characterized,  synthesized  and  processed. 

10  Year  Goal 

Deploy  cross  disciplinary  multi-  scale  modeling  and  simulation,  validation, 
characterization  and  synthesis  capability  to  ARL,  the  ARL  Enterprise  and  the  Army  to 
apriori  predict  dynamic  material  properties,  design  and  optimize  new  ultra  light  weight 
dynamically  tolerant  material  solutions  enabling  ground,  soldier  and  air  combat 
systems  at  1/3  the  weight. 
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Soldiers  from  Company  A,  Special  Troops  Battalion,  101st  Airborne  Dh 
valley  in  the  Parwan  province  of  Afghanistan.  Afghan  National  Police  s 


icinn  ioo^uii  w 

[arched  the  village  whil^£oldiers  provided  security 


and  conducted  key-leader  engagements.  Posted  on  AKO.  (Photo  by  Spc.  Scott  Davis) 


